Background: Ornithine decarboxylase antizyme 1 (OAZ1) is an important regulator of polyamine synthesis and uptake. Our previous studies indicated that high OAZ1 expression in the ovaries of laying geese is responsible for poor egg production. In the present study, the molecular characterization of goose OAZ1 gene was analyzed, as well as the expression profile in various follicular tissues. Results: An 873-bp cDNA sequence of the OAZ1 gene (Accession No. KC845302) with a + 1 frameshift site (+175T) was obtained. The sequence consisted of a 652-bp two overlapping open reading frames (a putative protein with 216 amino acids). The OAZ domain, OAZ signature and OAZ super family domain were prominent conserved regions among species. As the follicle size increased, OAZ1 abundance showed an increasing trend during follicular development, while it decreased during follicular regression. The level of OAZ1 mRNA expression was the lowest in the fifth largest preovulatory follicle, and was 0.65-fold compared to the small white follicle (P b 0.05). OAZ1 mRNA expression in the largest preovulatory and postovulatory follicle was 2.11-and 2.49-fold compared to the small white follicle, respectively (P b 0.05). Conclusions: The goose OAZ1 structure confirms that OAZ1 plays an important role in ornithine decarboxylase-mediated regulation of polyamine homeostasis. Our findings provide an evidence for a potential function of OAZ1 in follicular development, ovulation and regression.
Polyamines (i.e., putrescine, spermidine and spermine) play important roles in many biological processes, including cell growth, differentiation and apoptosis [1, 2] . Polyamines have recently been shown to be essential for successful reproduction functions in animals, including the regulation of spermatogenesis and oogenesis, embryogenesis, implantation, embryonic and gonadal development [3, 4, 5, 6] . Intracellular polyamine content is regulated tightly by concerted biosynthesis and uptake mechanisms, as well as by degradation and efflux processes [7] . Ornithine decarboxylase (ODC), which catalyzes decarboxylation of L-ornithine to form putrescine, is the first rate-limiting enzyme in the polyamine biosynthesis pathway. ODC expression is regulated strictly at multiple levels including transcription, post-transcriptional processing, change in translational efficiency, and altered stability of the protein [8, 9] .
Ornithine decarboxylase antizyme 1 (OAZ1), which targets ODC for ubiquitin-independent proteasome degradation and inhibits polyamine influx process, is considered as a negative regulator of intracellular polyamines [10, 11] . OAZ1 expression is also regulated at the translational level by polyamines [12] . OAZ1 transcript exists with two overlapping open reading frames (ORFs) [13] . A unique + 1 ribosomal frameshift mechanism is needed for translation of a fully functional OAZ1 protein [14, 15] . Increased polyamine levels induce translation of the full-length functional OAZ1 by bypassing an in-frame stop codon on OAZ1 mRNA and by relieving the translational repression effect mediated through the N-terminal fragment of OAZ1 [16, 17] .
Our previous study reported that the level of OAZ1 mRNA expression was significantly higher in the ovaries of laying than pre-laying geese [18] . It suggested that higher expression of OAZ1 disrupted polyamine homeostasis by inhibiting ODC activity, suppressed follicular development, and decreased egg production. An et al. [19] reported a higher level of OAZ1 gene expression in ovarian tissues of polytocous compared to monotocous goats [19] . Li et al. [4] suggested that OAZ was involved in the gonadal development of small abalone. These results indicate that OAZ1 plays an important role in regulating reproductive function, follicular development and ovulation. To gain more insight into the function of OAZ1 in follicular development, we cloned OAZ1 coding sequence of the Sichuan white goose (Anser cygnoides), and examined OAZ1 expression profiles in various follicles and ovarian stroma.
Materials and methods

Animals and sample collection
All procedures in this study involving animals were in accordance with ethical standards of the Animal Ethics Committee of the College of Animal Science and Technology, Sichuan Agricultural University. Adult Sichuan white geese (A. cygnoides), which reach sexual maturation at approximately 6 months, were obtained from the Experimental Farm of Waterfowl Breeding in Sichuan Agricultural University (Ya'an, China). All of experimental geese hatched on the same day were kept under conditions of natural light and temperature. Geese were fed standard chow and water ad libitum. Laying geese (n = 5) were euthanized by cervical dislocation about 8 h after the first or second oviposition in an egg sequence. Ovaries along with the ovarian follicles were quickly removed and processed. Ovarian stroma and follicles at different stages of development including the small white follicle (SWF), small yellow follicle (SYF), preovulatory hierarchal follicle (F5, F4, F3, F2, and F1) and postovulatory follicle (POF1, POF2, POF3 and POF4) according to their color and stages of differentiation were collected for RNA isolation as previously described [20] . All of follicles were operated on transversely along the stigma to completely eliminate the yolk material, and washed using the ice-cold sterile saline. Walls of ovarian follicles (including the theca and granulosa layer) were isolated for RNA extraction.
Cloning of goose OAZ1 gene
Total RNA was isolated from ovary tissues using RNAiso Plus and cDNAs were synthesized using PrimeScript® RT reagent Kit from Takara (China) according to the manufacturer's protocol. The cDNA newly synthesized was stored at -20°C until further analysis. Based on the OAZ1 cDNA sequence of Anas platyrhynchos (GenBank accession no. NM_001289841) and Gallus gallus (NM_204916), the gene-specific primer named OAZ1-L was designed to amplify the full coding region of OAZ1 using the Oligo 7.0 (forward: 5′-AGGGTTTCGGGGTTCGGACCA-3′, reverse: 5′-TTGCACAACCACAACATGCGCAC-3′). The PCR amplification reaction was performed with the following protocol using a Bio-Rad thermal cycler (Bio-Rad, USA): 95°C pre-denature for 5 min, followed by 35 cycles of 30 s at 95°C, annealing for 30 s at 63°C, extension at 72°C for 60 s; final extension for 10 min at 72°C. PCR products were gel-purified and ligated into the pGEM-T Easy Vector (Promega, USA), which were transformed into E. coli DH5α competent cells. Positive clones that contained expected-size inserts were screened by colony PCR and then sequenced by Sangon Biotech (Shanghai, China).
Bioinformatic analysis of goose OAZ1 gene
The nucleotide sequence of the OAZ1 gene has been deposited in the NCBI/GenBank Data Libraries under the accession number KC845302. Sequence analyses were performed using NCBI website (http://www. ncbi.nlm.nih.gov). The Protparam (http://web.expasy.org/protparam/) web-based program was employed to predict the physiochemical properties of the OAZ1 protein. The domains of the OAZ1 putative amino acid were predicted using the Phyre2 program (http://www. sbg.bio.ic.ac.uk/phyre2). A phylogenetic tree was constructed using the ClustalX2 and MEGA 5.2 program based on the neighbor-joining method with 1000 bootstrap replicates [21] .
Quantitative real-time PCR
As mentioned above, total RNAs were extracted from ovarian stroma and follicular tissues, and cDNAs were synthesized using a PrimeScript™ RT reagent Kit with a gDNA Eraser (Takara, China). Quantitative real-time PCR (qRT-PCR) employed to measure OAZ1 mRNA expression profiles in various tissues was performed in a CFX96 (Bio-Rad, USA) using SYBR® Premix Ex Taq™ (Takara, China). The following primers were used: OAZ1 (forward: 5′-CAGGTGGGCGAGGGAATAGT-3′, reverse: 5′-GCATCTGTAAGCCTTGACTGGAC-3′); glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (forward: 5′-GTGGTGCAAGAGGCATTGCTG AC-3′, reverse: 5′-GCTGATGCTCCCATGTTCGTGAT-3′). The amplification was performed in a total volume of 25 μL, containing 0.5 μL of cDNA, 12.5 μL of 2 xSYBR® Premix Ex Taq™ (Takara, China), 0.5 μL of 10 mmol/L of each primer, and 11 μL of nuclease-free water. The qRT-PCR program was 95°C pre-denature for 5 min, followed by 40 cycles of 95°C for 30 s, 65°C for 30 s and 72°C for 30 s, and then a melting curve was performed. Starting temperature was 6°C and increasing by 0.5°C ever 10 s to determine the primers specificity. Threshold and Ct (threshold cycle) values were determined automatically by the CFX Manager™ Software, using default parameters. The comparative cycle threshold (2 -ΔΔCt method) was used to analyze levels of OAZ1 mRNA expression. Levels of OAZ1 mRNA expression were normalized against GAPDH and expressed as arbitrary units (AU). The relative quantization of mRNA expression was performed in three replicates for each sample.
Statistical analysis
All the experiments were statistically analyzed by a one-way analysis of variance (ANOVA) using SAS 9.1 statistical software for Windows (SAS Institute Inc., Cary, NC, USA). Statistically significant results by ANOVA were further analyzed by Duncan's multiple range tests. A P value b0.05 was considered statistically significant. Error bars in the graph were generated using mean ± standard error of mean (SEM) values.
Results
Cloning and sequence analysis of goose OAZ1
Based on PCR amplification and sequence analysis, an 873-bp cDNA sequence of the OAZ1 gene was cloned from the Sichuan white goose. The nucleotide sequence of OAZ1 was deposited in the GenBank database with accession number of KC845302. The sequence consisted of a 31-bp 5′ untranslated region (UTR), a 190-bp 3′ UTR and a 652-bp two overlapping ORFs. The first short ORF1 with a translational start codon and a stop codon at + 175 frameshift site consisted of 177 nucleotides and encoded a putative protein with 58 amino acids. The second short ORF2, which encoded most of the protein but lacked a start codon, consisted of 477 nucleotides and encoded a putative protein with 158 amino acids. A functional, full-length ORF consisted of 652 nucleotides and encoded a putative protein with 216 amino acids (Fig. 1) . The homology analyses indicated that the OAZ1 coding sequence of the goose shared 99, 99, 87 and 80% sequence similarity with the OAZ1 genes of A. platyrhynchos (NM_001289841), G. gallus (NM_204916), Homo sapiens (NM_004152) and Mus musculus (NM_008753), respectively.
OAZ1 protein structural prediction and phylogenetic analysis
To validate the conserved domain, a multiple-sequence alignment was performed using the ClustalX2 program (Fig. 2) . The predicted amino acid sequence of the functional, full-length OAZ1 exhibited 99, 99, 82 and 75% similarity to OAZ1 amino acid sequences from A. platyrhynchos (NP_001276770), G. gallus (NP_990247), H. sapiens (NP_004143) and M. musculus (NP_032779), respectively. The analysis of the physicochemical properties of the OAZ1 protein showed that the molecular formula of OAZ1 was C 1068 H 1680 N 316 O 321 S 9 , and that the OAZ1 protein had a molecular mass of 24.37 kDa. The theoretical pI of the OAZ1 protein was 8.25. The instability coefficient of the OAZ1 protein was 58.46, and its average hydrophobicity was -0.47. The subcellular distribution of the OAZ1 protein was predicted to be 39.1% in mitochondria, 26.1% in cell nuclei, 13.0% in cytoplasm, 13.0% extracellular (including cell wall), and 8.7% in the cytoskeleton. The domains analysis predicted the following structural features in the OAZ1 protein: an OAZ domain located from Gln47 to Phe218, the OAZ signature located from Leu159 to Leu167, and OAZ super family domain located from Leu122 to Phe218 (Fig. 2) . The protein sequence comparison also showed that two conserved regions are present in OAZ1 sequences of these species. The first 23 amino acids constituted the first conserved region. The second region, which included the OAZ domain, signature and super family domain, was prominent and determined the molecular function of the OAZ. The phylogenetic analysis showed that the goose OAZ1 sequence was most similar to avian species, especially A. platyrhynchos (Fig. 3) .
Expression of OAZ1 mRNA in ovarian stroma and follicles of geese
In all the experimental follicles and ovarian stroma, OAZ1 transcripts were detectable (Fig. 4) . As the follicle size increased, except for F5 and F2 follicles, the level of the OAZ1 mRNA expression increased during follicular development, while it decreased during follicular regression. Except for the F5 follicle, the level of OAZ1 mRNA expression in preovulatory follicles was significantly higher than that of the SWF (P b 0.05). The level of OAZ1 mRNA expression was the lowest in the F5 follicle, and was 0.65-fold compared to that in SWF (P b 0.05). OAZ1 mRNA expression in the F1 follicle was 2.11-fold compared to that in SWF (P b 0.05). It was the highest in POF1 in all of the examined tissues, and was 2.49-fold higher than that in SWF (P b 0.05). However, the level of OAZ1 mRNA expression among POF2, POF3 and POF4 follicles was not significantly different (P N 0.05). The expression level of OAZ1 between the ovarian stroma and the SWF follicles was not significantly different (P N 0.05).
Discussion
As introduced previously, a full-length OAZ1 coding sequence of the Sichuan white goose was obtained and sequenced for verification. Like all other members of the OAZ gene family [10] , the goose OAZ1 was also encoded by two overlapping ORFs with a conserved + 1 ribosomal frameshift positioned at + 175. Once again, our results consolidated that + 1 frameshift at the end of ORF1 was required for the expression of the full-length protein [16] . Compared to the amino acid sequence of ORF1, the goose ORF2 amino acid sequence shared higher similarity with that in mammalian species. Ichiba et al. [22] constructed a series of deletion mutants (OAZ1 69-227) of rat OAZ1 cDNAs, and indicated that this region had all of the known functions of OAZ, such as its binding to ODC and inhibition of its activity and destabilization [22, 23] . Furthermore, OAZ1 retains normal functions even after truncation of amino acids 1-68. Thus, it is not surprising that the similarity of the amino acid sequence of ORF2 was highly conserved, while that of ORF1 was conserved to a lesser extent. Ten amino acid residues (TLHASR and RGGS/C/R) in the ORF1 of OAZ1 in birds were deleted compared to mammals. Whether these 10 deleted amino acid residues in birds have any functions remains to be determined. Furthermore, the similarity of OAZ1 amino acid sequences among birds remained at 99%, while it was around 80% among mammals. This indicates that the function of OAZ1 differ between birds and mammals. Three potential domains (OAZ domain, signature and super family domain) were mainly located in the ORF2 of the goose OAZ1. It reinforced that ORF2 of OAZ1 was essential for the distinguishable activities, such as binding to and inhibiting ODC; acceleration of ODC degradation by the 26S proteasome; and inhibition of intracellular polyamine uptake [24, 25] . In rats, two regions of OAZ1 (amino acids 122-144 and 211-218) are necessary for its binding to ODC and inhibition of its activity, and an additional region (amino acids 88-118, especially 113-118) is necessary for its destabilization [22] . However, it is noteworthy that the region (amino acids 122-144) of OAZ1 in birds shared lower similarity to that in mammals. This lower conserved region may alter the ability of avian OAZ1 binding to ODC and inhibiting ODC activity. It is not certain, however, whether the effect will be enhancement or attenuation. In addition, except for Danio rerio, the first 23 residues of the OAZ1 amino acid sequence was highly conserved in these compared species. Thus, further studies are warranted to clarify whether these highly identified residues may contribute to certain functions of OAZ1. The molecular weight of the purified OAZ1 from rat liver was determined to be 22.0 kDa using gel filtration on Sephadex G-75 and 19.0 kDa using SDS-PAGE [26] . In our study, the molecular mass of the goose OAZ1 protein was predicted to be 24.37 kDa. The purified OAZ1 from the birds remains to be identified. The polyamines, which are essential for cell proliferation and differentiation, have a wide tissue distribution in mammals. The OAZ1 protein is distributed in mitochondria, cell nuclei, cytoplasm, extracellularly (including cell wall) and the cytoskeleton in the goose. Along with our previous study [27] , these results show that OAZ1 distribution is ubiquitous in various tissues as well as cellular compartments.
OAZ1, which is a regulator for ODC activity and polyamine transport, is essential for maintaining polyamine homeostasis. In the present study, significant difference in OAZ1 abundance among ovarian and follicular tissues suggests that OAZ1 expression and distribution is tissue specific. This is consistent with the study of Yi et al. [27] , in which OAZ1 was ubiquitously expressed in a tissue-specific manner in the Sichuan white goose. These results suggest that OAZ1 is ubiquitously and tissue-specifically expressed in various tissues of geese. However, de Jonge et al. [28] reported that OAZ1 gene was stably expressed in different cellular and experimental contexts in mice. Furthermore, Piorkowska et al. [29] showed that OAZ1 were stably expressed in porcine backfat tissue across different breeds. Thus, stable expression of OAZ1 mRNA may be differ among various species and tissues.
The blockade of ovarian ODC by α-difluoromethylornithine could inhibit ovarian growth, folliculogenesis and formation of Graafian follicles [30] . Our previous results indicated that ODC activity mediated by OAZ1 might regulated the process of follicular development [18] . Among preovulatory follicles, the level of OAZ1 mRNA expression was lowest in the F5 follicle (P b 0.05). The F5 follicle, which is the first preovulatory hierarchal follicles selected from SYF, begins the process of growth and differentiation. This process is a rapid phase of growth compared with SWF. Decreased expression of OAZ1 mRNA can increase ODC activity and polyamine biosynthesis, and then promote the growth of ovarian follicles. OAZ1 abundance showed an increasing trend during follicular development, while it decreased during follicular regression. OAZ1 mRNA expression in the F1 follicle was 2.11-fold compared to that in the SWF (P b 0.05). Increased OAZ1 expression not only inhibited theca and granulosa cell proliferation by blocking polyamine biosynthesis, but also regulated apoptosis through decreasing the activity of Cyclin-D1 and Smad1 [31] . Thus, proliferation of theca and granulosa cells and incorporation of lipoprotein-rich yolk are slow in the F1 follicle. At the time of ovulation, certain selective cells within the stigma region die via apoptosis. More cell death via apoptosis is initiated shortly after ovulation, and the POF follicle is largely reabsorbed within several days. The present result shows OAZ1 expression in the POF1 follicle was the highest among all of the examined tissues (P b 0.05). Thus, we speculate that increasing OAZ1 expression level accelerates the depletion of intracellular polyamines, and promotes theca and granulosa cell apoptosis and regression of the POF follicle.
Conclusions
We have reported the cDNA sequence of goose OAZ1 and its characteristics. OAZ1 is expressed ubiquitously and in a tissue-specific manner in various tissues of geese. The present study provides an evidence for a potential function of OAZ1 in follicular development, ovulation and regression, and strengthens the hypothesis of a link between polyamines and ovarian functions in geese.
Financial support
This work was financially supported by Grants 31201798 from the National Natural Science Foundation of China and 20105103120003 from the Specialized Research Fund for the Doctoral Program of Higher Education.
